Mutants of Mycobacterium smegmatis were selected for resistance to ethionine in an effort to obtain methylation-defective strains that were altered in their ability to make methylmannose polysaccharides (MMP) or methylglucose lipopolysaccharides. Two methods were developed for the detection of MMP in cell extracts to aid in the screening for potential mutants, one a qualitative procedure based on iodine binding by the sample after paper chromatography and the other a quantitative procedure based on fluorimetric titration of the MMP with parinaric acid. An ethionine-resistant mutant was obtained that contained only about 25% of the normal level of S-adenosylmethionine and 10% of the normal level of methionine adenosyltransferase (adenosine 5'-triphosphate:L-methionine S-adenosyltransferase, EC 2.5.1.6) activity. When grown in the presence of 0.1% ethionine, the mutant cells contained about 50% of the wild-type levels of methylglucose lipopolysaccharides but only about 7% of the normal level of MMP (wild-type cells contain about 0.14 mM MMP and the mutant contains about 0.01 mM MMP). The amount of fatty acid synthesis in the ethionine-resistant mutant grown in the presence of ethionine was not dramatically altered although the mutant accumulated more short-chain and less long-chain unsaturated fatty acids than the wild-type cells.
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Mycobacteria contain two kinds of polymethylated polysaccharides, the 3-0-methylmannose polysaccharides (MMP) (15) and the 6-0-methylglucose lipopolysaccharides (MGLP) (17, 19) . It is postulated that these substances are involved in regulation of fatty acid synthesis in mycobacteria because they stimulate acetate incorporation and alter the fatty acid product distribution in a cell-free synthetase system (1, 2). The polymethylpolysaccharides have also been shown to form stable inclusion complexes with long-chain fatty acids and acoylcoenzyme A derivatives (22) , and their effect on the synthetase system is assumed to depend on such complexation.
A more significant test of the physiological role of the polymethylpolysaccharides would be possible if mutants that were altered in their ability to make these substances were available. In this paper we describe the isolation of an ethionine-resistant mutant of Mycobacterium smegmatis that contains reduced levels of Sadenosylmethionine and greatly reduced amounts of MMP, although the amount of MGLP is not as significantly affected. The reduction in MMP concentration has only minor effects on the ability of the mycobacteria to grow and synthesize lipids. This could mean that MMP functions other than as a primary regulator of lipid synthesis, a possibility suggested by other experiments (23 (ii) fl-Parinaric acid fluorescence. The complex formation between MMP and ,B-parinaric acid was measured according to Yabusaki and Ballou (22) (15) .
Isolation of methylated polysaccharides and lipids. Mycobacterial cultures grown for 24 h (early stationary phase) were harvested and extracted by refluxing in 70% ethanol for 6 h. After removal of insoluble material, the ethanol extract was cotcentrated and the residue was partitioned with chloroform-methanol-water (8:4:3). The aqueous layer (fraction I) was treated according to Gray and Ballou (9) to isolate methylated polysaccharides, and the organic layer (fraction II) was kept for lipid analysis. The insoluble residue from the 70% ethanol step was extracted twice with chloroform-methanol (4:1) and with acetone. The pooled extracts were combined with fraction II, and the mixture was saponified, methylated, and analyzed by gas chromatography (12) . Sugars were identified by paper chromatography in solvent C and by gas chromatography of the alditol acetates (14) .
RESULTS
MMP iodine-binding assay. The detection of MMP by the paper chromatographic method is illustrated in Fig. 1 Comparison of lipids in mutant M37 and wild-type cells. Eight 1-liter cultures of strain M37 were grown in a medium supplemented with 0.1% ethionine, of which four cultures were supplemented with 0.2% Tween 80. The extracted and methylated lipids from each set of four cultures were compared by gas chromatography (Fig. 3) , and the results are summarized in Table 2 (16, 20) , whereas the active MMP homologs contain only 12 to 14 sugar units (15) . The greater ability of MMP to form iodine complexes may be due to the greater hydrophobicity of the interior of the helix resulting from an inward projection of the methyl groups. The failure of MGLP to form a specific complex with iodine may mean that the interior is not as hydrophobic as MMP. The yellow color it gives with iodine is characteristic of a nonspecific binding shown by lipids in general.
Previous reports from this laboratory (8, 11) described the enzymic transfer of methyl groups from S-adenosylmethionine to amylooligosaccharides by extracts of M. smegmatis. It was postulated that low intracellular concentrations of S-adenosylmethionine might interfere with the synthesis of mycobacterial polymethylpolysaccharides and permit an investigation of their role in cell metabolism. Since ethionine toxicity is in part a consequence of the inhibition of methionine synthesis by accumulated S-adenosylmethionine, ethionine resistance can result from a reduced activity of methionine adenosyltransfera; (5, 10). We therefore screened a group of spontaneous ethionine-resistant strains to obtain one with low levels of S-adenosylmethionine (strain M37), and this mutant proved to be defective in methionine adenosyltransferase activity. Although M37 synthesizes a normal amount of MMP in the absence of ethionine, the addition of ethionine to the growth medium inhibits MMP synthesis almost completely. This inhibition is probably due to the inhibition of residual methionine adenosyltransferase activity by ethionine, which, if true, would confirm the belief that S-adenosylmethionine is the methyl donor in MMP synthesis.
MMP and MGLP were found by Bloch and co-workers (2) to activate the isolated mycobacterial fatty acid synthetase complex. They have suggested that the physiological function of these polysaccharides is to sequester palmitoylcoenzyme A and remove it from the synthetase, thus allowing the synthetase to recycle. If true, this activity suggests that a deficiency of MMP or MGLP would alter the amount and distribution of the fatty acids synthesized in the cell. Our experiments have shown, however, that a mutant producing 7% of the normal amount of MMP is only slightly changed from the wildtype strain in its pattern of lipid synthesis. The presence or absence of Tween 80 in the growth medium can lead to greater changes in lipid composition than the altered level of MMP observed in mutant M37.
The observation that the mutant cells continue to synthesize MGLP at 50% of the normal level under conditions where MMP synthesis is blocked may mean that the polysaccharides have different roles and that the MMP function is more readily dispensable. Alternatively, the level of MGLP in mutant M37 may be sufficient to serve all functions of the polymethylpolysaccharides because the cells have a reduced growth rate in the presence of ethionine and lipid synthesis may be likewise reduced.
